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FRICTION WELDING METAL COMPONENTS 

[0001] This invention relates to friction Welding of metal, 
in particular aluminium alloy components, and in particular 
those used in situations Where high strength is required such 
as in structures for aircraft, helicopters, hovercraft, space 
craft, boats and ships. 

[0002] Structures and processes of the invention ?nd par 
ticular application in aircraft structure, including primary 
structure, Where strength to Weight ratio is paramount. 

[0003] Airframe structural components are inherently 
complex in their design and subsequent manufacture oWing 
to the large variety of stresses Which Will be applied to the 
structure in different phases of aircraft operation, e.g. static, 
level ?ight, climb, descent, take-off and landing or gust 
conditions. In order to simplify and reduce the number of 
airframe components it is a Well knoWn principle to inte 
grally machine from solid billets such components. In this 
Way the parts counts and therefore the Weight, cost and 
complexity of the ?nished assembly can be reduced. HoW 
ever limitations upon designs Which are achievable currently 
exist oWing to restrictions on manufacturing capabilities, for 
example in terms of overall billet siZe combined With the 
unavailability of Welded joints for many primary aircraft 
structures oWing to the Well-knoWn fatigue-inducing and 
crack propagation qualities of Welded joints. 

[0004] An example of current design limitations in aircraft 
Wing manufacture occurs in the available siZe of upper or 
loWer Wing skin panels for construction of a Wing box. At 
present, for large passenger-carrying aircraft such as the 
Airbus A340 family, certain areas of the Wing box require a 
spliced joint betWeen up to four separate machined panels 
Where a single panel Would be desirable. The overall Weight 
and cost of Wing skins formed by the panels is increased. 
Also a single panel to replace the multi-panel assembly 
Would be structurally more ef?cient. The present limitation 
on panel siZe is caused by a limitation on siZe of the 
aluminium alloy billet from Which the panel is rolled. 

[0005] A further example of the limitations imposed by 
present technology occurs in the manufacture of solid alu 
minium alloy billets from Which inner Wing spars are formed 
for large commercial aircraft. Any increase in siZe of such 
aircraft, as is presently projected for a future large passen 
ger-carrying aircraft Would result in a requirement for a 
billet larger than it is currently possible to produce. This 
restriction raises the need for complex bolted joints betWeen 
components. Such joints Will considerably increase the 
Weight and complexity of the structure and Will be structur 
ally non-optimum. 

[0006] Design dif?culties can also occur at the intersec 
tions betWeen upper and loWer Wing skins and upper and 
loWer spar ?anges respectively in an aircraft Wing box. 
Upper and loWer Wing skins Will be made of different alloys 
to enable the different structural requirements to be ful?lled. 
Where these different alloys are joined to the Wing spar 
fatigue cracking can occur oWing to the differing material 
properties of the skin and spar respectively. 

[0007] Yet further dif?culties can occur in achieving an 
optimum cross sectional shape at acceptable cost for 
extruded aircraft Wing skin stiffeners, for example stringers. 
Here the additional material required at the ends of the 
stringers, often called for example “spade ends” or “rib 
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groWouts” can dictate the sectional shape for the Whole 
length of the stringer and can necessitate machining off 
unWanted material for almost the entire length of the 
stringer, leading to excessively high machining and material 
scrap costs. 

[0008] According to one aspect of the invention there is 
provided a method of forming a structural airframe compo 
nent for an aircraft including placing at least tWo compo 
nents in abutting relationship With each other and joining 
them together by friction stir butt Welding. 

[0009] The structural airframe component may comprise 
an aircraft Wing rib and the at least tWo components may 
comprise a central Web element and a rib foot element and 
the method may include the steps of joining together the 
central Web element and the rib foot element by partial 
penetration friction stir butt Welding and subsequently 
machining aWay material from at least one of the central Web 
element and the rib foot element in the region of the 
abutment until the Weld becomes a full penetration Weld. 

[0010] The method may also include the steps of provid 
ing a said rib foot element of L-shape cross section and 
carrying out the machining aWay of material at least from the 
rib foot element to form a rib foot of T-shape cross section. 

[0011] “Butt Welding” as used herein is intended to 
include the process of Welding together at least tWo com 
ponents having edges or surfaces in abutment With each 
other, Whether the components are generally co-planar in the 
region of abutment or not. 

[0012] The technique of friction stir butt Welding is knoWn 
from European Patent No. 615480B assigned to The Weld 
ing Institute the entire contents of Which are incorporated 
herein by reference. The technique involves placing the tWo 
said components in abutting relationship With each other, 
inserting a probe of material harder than the component 
material into a joint region betWeen the tWo components and 
causing relative cyclic movement betWeen the probe and 
components Whereby frictional heat is generated to cause 
portions of the components in the region of the joint to take 
up a plasticised condition, removing the probe and alloWing 
the plasticised portions to solidify and join the components 
together. 

[0013] The application of this technique to aircraft air 
frame structure, including primary load bearing structure 
Would not have been foreseen oWing to the aforesaid knoWn 
properties of Welds, namely liability to fatigue. Surprisingly 
hoWever Work carried out has revealed that such friction stir 
butt Welds do indeed possess the qualities to make such 
structures as aforesaid possible. 

[0014] In order to exclude the possibility of cracks devel 
oping in the region of the Weld joint, a Weld fatigue resistant 
feature may be applied to a run-out of the Weld. Such a 
feature may comprise a cold Worked hole formed through 
the Weld joint in the region of the run-out folloWed by 
insertion of a fastener, for example a bolt. Alternatively, or 
in addition the joined component in the region of the Weld 
run-out may be shot peened or may have a splice strap 
fastened in position transverse to the direction of the Weld 
joint. Further in the alternative or additionally the material 
of the Welded component in the region of the Weld run-out 
may be thickened. By the various above means one of the 
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primary areas of fatigue of the Welded joint may be pre 
vented from behaving in such an adverse manner. 

[0015] The friction stir butt Welding method may be 
applied to components having a differing, for example 
tapering, thickness of material to be Welded together by 
inserting the said probe into the joint betWeen the tWo 
components to a depth dependent upon the material thick 
ness at the position of probe entry. In this Way a Weld having 
a penetration through the material of the component of 
sufficient depth to provide a prescribed Weld penetration 
along a length of the Weld may be achieved. 

[0016] The method may include providing a tWo-piece 
probe having a central portion for penetrating the Weld 
region and a peripheral portion movable relative thereto for 
travelling over the Weld region along surfaces of the com 
ponents being joined, the central portion being movable into 
and out of the peripheral portion during Welding. The central 
portion and peripheral portion may be relatively movable by 
a threaded connection therebetWeen or by any other suitable 
mechanism like a geared connection or a cam means. The 
central portion and peripheral portion may include sealing 
means acting therebetWeen to prevent ingress of softened 
component material. 

[0017] During movement along the Weld of a said com 
ponent of varying thickness such as a tapered component the 
rate of feed of the probe along the joint and rotational speed 
of the probe may be varied to optimise Welding conditions. 

[0018] The structural airframe component for an aircraft 
may comprise a skin stiffener and the method may include 
the step of placing an extrusion in abutting relationship With 
an extension or Width-increasing region for the extrusion 
and joining the extrusion to the extension region by friction 
stir butt Welding. In this Way extension regions such as rib 
groWouts and stringer spade ends and other root end pro?les 
of Width larger than the extruded Width may be formed on 
the stiffener Without resorting to the formation of an extru 
sion of the maximum Width required and then machining 
long lengths of it aWay to leave just short lengths of the 
extension regions of the extruded Width. 

[0019] According to a second aspect of the invention there 
is provided a structural airframe component for an aircraft 
including a friction stir butt Welded joint. 

[0020] The component in the region of the butt Welded 
joint may be double curvature in form. Also, the Weld may 
be of tapering thickness along its length. 

[0021] The component may comprise at least tWo skin 
panels butt Welded together. Wing or fuselage skin or 
skin/stiffener panels of any required siZe can thus be pro 
duced according to the invention. Said skin panels may have 
a skin stiffener attached thereto along a length of the Weld. 
Such a skin stiffener may comprise a skin stringer in Which 
skin engaging ?anges thereof are attached to the skin on 
either side of the Weld. 

[0022] The component may include a stiffened aircraft 
Wing skin assembly comprising at least tWo extruded sec 
tions each having integrally formed skin-forming and stiff 
ener-forming portions said sections being Welded together. 
Each Weld may include a butt strap fastened thereacross and 
may include a run-out feature as described above. 
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[0023] The component may comprise an aircraft skin and 
stiffener assembly including a joint betWeen tWo stiffeners at 
Which the skin is friction stir butt Welded together. 

[0024] The component may comprise an aircraft skin 
panel having a shaped plug friction stir butt Welded into 
place therein. In this Way local additions to or thickening of 
the skin during skin formation may be avoided. 

[0025] The component may include a friction stir butt 
Welded joint betWeen tWo sub-components of differing cross 
section. 

[0026] The component may comprise a hybrid billet of 
aluminium alloy comprising for example 7000 series alloy 
friction stir butt Welded to 2000 series alloy to enable the 
knoWn properties of these tWo alloys better to be employed. 
In general, friction stir butt Welding of hybrid billets enables 
tailoring of thicknesses, material strengths and fatigue resis 
tances as required. The billets may be for example forgings 
or extrusions according to the circumstances. 

[0027] Where a friction stir butt Welded joint replaces a 
joint using fasteners, as for example in the manufacture of 
large aircraft Wing spars, there Will be a reduction in the 
number of fasteners used overall, With a consequent reduc 
tion in cost and Weight. Also the Welded joint itself Will be 
structurally more efficient in that it Will be stronger than a 
fastened joint and, We have discovered, have better fatigue 
characteristics. In addition assembly time for a Welded joint 
can be reduced, oWing to elimination of fasteners and joint 
sealant. Also fuel leakage paths, in a Wing, are eliminated. 

[0028] The component may comprise an aircraft Wing rib 
or spar machined from a said hybrid billet. The hybrid billet 
may comprise tWo or more said friction stir butt Welded 
joints positioned on the billet to optimise strength properties 
for the billet in the particular circumstances required. For 
example a said spar may include a Weld along a neutral axis 
thereof or may include such Welds at or in the region of 
junctions betWeen a central Web and upper and loWer booms 
thereof. 

[0029] The component may comprise an I-section or 
J -section stiffener of Web height tapering along the length of 
the stiffener having a friction stir butt Welded joint extending 
along the length of the tapered Web. 

[0030] The component may comprise an aircraft skin 
panel having at least one ?rst part stiffener formed integral 
thereWith With a further part of the stiffener friction stir butt 
Welded to the ?rst part of the stiffener. 

[0031] The component may comprise an extruded aircraft 
skin stiffener including at least one extension region thereof 
extending the Width of the stiffener beyond an extruded 
Width, said at least one extension region being attached to 
the remainder of the stiffener by a friction stir butt Welded 
joint. The at least one said extension region may comprise at 
least part of a rib groWout or a spade end or other root end 
pro?le region of a skin stringer. 

[0032] The component may comprise an I-section or a 
J-section skin stiffener having upper and loWer booms or 
?anges separated by a central Web and the at least one 
extension region may be friction stir butt Welded to at least 
one of the upper and loWer booms on one or both sides of 
the Web. 
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[0033] The invention Will noW be described by Way of 
example only With reference to the accompanying drawings 
of Which: 

[0034] FIG. 1 is a sectional vieW of a Welded stiffened 
aircraft Wing skin panel assembly according to the inven 
tion, 
[0035] FIG. 2 shoWs an alternative Welded stiffened Wing 
skin panel assembly according to the invention, 

[0036] FIG. 3 shoWs a further alternative Welded stiffened 
Wing panel assembly according to the invention, 

[0037] FIG. 4 shoWs a further alternative Welded stiffened 
Wing panel assembly according to the invention, 

[0038] FIGS. 5A, B and C shoW alternative methods of 
Welding panel stiffening members according to the invention 
in position, 

[0039] FIG. 6 is a sectional vieW of a Welded stiffened 
panel assembly according to the invention at a joint betWeen 
stiffeners and panels, 

[0040] FIG. 7 is a vieW on the arroW VII of FIG. 6, 

[0041] FIG. 8 shoWs in section a junction betWeen a 
stringer/panel extruded section and a further panel extruded 
section according to the invention, 

[0042] FIG. 9 is a vieW in the direction IX on FIG. 8, 

[0043] FIG. 10 shoWs a hybrid billet according to the 
invention, 
[0044] FIG. 11 shoWs an aircraft Wing spar machined 
from the billet shoWn in FIG. 10, 

[0045] FIG. 12 shoWs a Wing skin-spar assembly Welded 
according to the invention, 

[0046] FIG. 13 shoWs a Wing skin-spar assembly as an 
alternative to that shoWn in FIG. 12, 

[0047] FIG. 14 shoWs a Wing skin-spar-rib post assembly 
according to the invention, 

[0048] FIG. 15 is a detail plan vieW of a stiffened aircraft 
skin panel according to the invention in the region of stringer 
runouts, 

[0049] FIG. 16 is a plan vieW of a friction stir butt Weld 
run-out according to the invention, 

[0050] FIG. 17 is a plan vieW of a alternative friction stir 
butt Weld run-out according co the invention, 

[0051] FIG. 18 is a further alternative vieW of a friction 
stir butt Weld run-out according to the invention, 

[0052] FIG. 19 is a sectional vieW on the line XIX-XIX of 
FIG. 18, 

[0053] FIG. 20 is a side vieW of a component and probe 
according to the invention during the friction stir butt 
Welding process, 

[0054] FIG. 21 shoWs, partly in section, a friction stir butt 
Weld probe according to the invention, 

[0055] FIG. 22 shoWs in section a portion of aircraft skin 
panel With a butt Welded plug according to the invention 
inserted therein, 
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[0056] FIG. 23 shoWs the arrangement of FIG. 22 in 
subsequent machined condition, 

[0057] FIG. 24 shoWs a prior art metal billet, 

[0058] FIG. 25 shoWs alternative billets according to the 
invention, 
[0059] FIG. 26 shoWs a port Wing skin panel according to 
the invention, 

[0060] FIG. 27 shoWs a starboard Wing skin panel accord 
ing to the invention, 

[0061] FIG. 28 shoWs a tapered I-section stiffener having 
a friction stir butt Welded joint according to the invention, 

[0062] FIGS. 29A, B, C, D, E, shoW alternative aircraft 
Wing spar con?gurations having friction stir butt Welded 
joints according to the invention in differing locations, 

[0063] FIG. 30 shoWs an aircraft Wing spar having a 
vertical friction stir butt Weld according to the invention 
therein, 
[0064] FIG. 31 shoWs an aircraft Wing rib having a foot 
thereof friction stir butt Welded according to the invention to 
the remainder of the rib, 

[0065] FIG. 32 shoWs an alternative arrangement to FIG. 
31 according to the invention, 

[0066] FIG. 33 shoWs a friction stir butt Welded aircraft 
Wing trailing edge rib according to the invention, 

[0067] FIG. 34 is an exploded plan vieW of elements to be 
used in the manufacture of an aircraft Wing rib according to 
the invention, 

[0068] FIG. 35 is a vieW on the arroW XXXV of FIG. 34, 
With the elements partially assembled, 

[0069] FIG. 36 shoWs the rib of FIG. 34 friction stir butt 
Welded according to the invention and machined to ?nal 
shape, 
[0070] FIG. 37 is a plan vieW of a typical aircraft Wing 
skin root end stringer manufactured according to the inven 
tion, 
[0071] FIG. 38 is a section along the line XXXIIX 
XXXIIX of FIG. 37, 

[0072] FIG. 39 is a Fatigue Life graph of Maximum Stress 
plotted against Number of Cycles to Failure for tWo plain 
aluminium alloy specimens, for Friction Stir Welded 
(“FSW”) aluminium alloy specimens in both “as manufac 
tured” and machined according to the invention states, and 
for aluminium alloy specimens With high load transfer joints 
With interference ?t fasteners, and 

[0073] FIG. 40 is a graph of Distribution of Residual 
Stress across the depth of an aluminium alloy plate Friction 
Stir Welded, plotting Residual Stress at a distance of 10.5 
mm from the Weld centre against depth. 

[0074] FIG. 1 shoWs Wing panels 1, 2 friction stir butt 
Welded together at 3 and having a stringer 4 bolted to the 
skin panels 1, 2 either side of the Weld 3. A secondary load 
path is thus provided and the need for a butt strap removed. 

[0075] In FIGS. 2, 3 and 4 alternative structural assem 
blies for a Wing skin or fuselage skin stiffened assembly are 
shoWn. Extruded panel stiffener assemblies 5, 6 in FIG. 2 
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are shown friction stir butt Welded together at 3 With a butt 
strap 7 bolted in position to members 5 and 6 either side of 
the Weld 3. Again by this means it Will be seen that a 
secondary load path is provided. 

[0076] In FIG. 3 an arrangement similar to that of FIG. 2 
includes intermediate skin portions 8 interposed betWeen 
members 5 and 6 and friction stir butt Welded in position 
With Welds 3. Once again members 5,6 are extruded sec 
tions. 

[0077] In FIG. 4 extruded sections 9, 10 are much Wider 
and each include a number of stiffening portions 11 but are 
similarly friction stir butt Welded at 3. 

[0078] FIGS. 5A, B and C shoW alternative methods of 
attaching stiffeners to panel members. In FIG. 5A extrusion 
12 has a stiffening portion 13, friction stir butt Welded to it 
at 3. In FIG. SE a friction stir butt Weld 3 connects together 
tWo panel members 1, 2 and also a T-shaped stiffener 14. It 
Will be observed that the Weld 3 occupies the entire space 
betWeen members 1, 2 and 14. In FIG. 5C an alternative 
arrangement to that of FIG. 5B is shoWn With a T-shaped 
stiffener 15 extending betWeen panel members 1 and 2. 

[0079] FIG. 6 shoWs a joint region including a joint 16 
betWeen tWo extruded aircraft skin panels 17, 18 and tWo 
skin stiffeners 19, 20. Straps 21, 22 extend betWeen stiffen 
ers 19, 20 and are bolted in position. In addition the skin 
panel members 17, 18 are tapered at 23, 24 to alloW the 
inclusion of a butt strap 25 positioned over a friction stir butt 
Weld 3 and fastened through the panel members 17, 18. Such 
a joint arrangement is desirable for example at skin stringer 
run-outs Which can be conveniently combined With a joint in 
the panel members 17, 18. The inherent strength and stabil 
ity of this joint Will be appreciated Which takes full advan 
tage of the properties of the friction stir butt Weld. 

[0080] FIGS. 8 and 9 similarly shoW a skin panel joint 26 
at run-out of a pair of stiffeners 27, 28. The chain dotted line 
in FIG. 8 shoWs Where material has been machined aWay. 
The components comprise extruded sections 29, 30 from 
Which material has been machined as described above. 
Section 30 is a combined extruded stringer-panel section and 
section 29 is an extruded panel junction section. 

[0081] In FIGS. 15, 37, 38 tWo possible designs of aircraft 
extruded skin stringer are shoWn, each employing friction 
stir butt Welded extension regions to Widen key parts of the 
stringer beyond that of the extrusion Width. In FIG. 15 a 
stiffened bottom Wing skin 110 is shoWn, having stringers 
111, 112 attached thereto. The stringers each have friction 
stir Welds 113, 114, 115, 116 Which form joints betWeen 
extruded sections 117, 118 and extension regions 119, 120, 
121, and 122 respectively. The extruded Width W1 of the 
stringers is seen to be much narroWer than the ?nal Width 
W2 and prior art manufacturing methods Would have 
required the stringers to have been extruded to Width W2, 
thus requiring the machining off of scrap regions 123, 124, 
125, and 126 for almost the Whole length of the stringers, 
save for the end regions as shoWn and for any “rib gro 
Wouts”. 

[0082] FIGS. 37 and 38 shoW tWo vieWs of an aircraft 
Wing root end stringer and skin assembly in Which a root end 
pro?le of the stringer 127 has been extended in a similar 
manner to stringers 111 and 112 of FIG. 15 by the attach 
ment of extension regions 128, 129, 130 and 131 to an 
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extruded section 132 by friction stir Welds 133, 134, 135 and 
136. By this means the J-section of the extruded section 132 
has been converted to an I-section of the root end pro?le to 
provide the added stiffness required in the runout part of the 
stringer. It Will be appreciated that potentially even greater 
savings of material and machining time can be achieved in 
this example as both upper and loWer booms of the stringer 
Would require machining along almost their entire length 
according to the prior art. 

[0083] In FIG. 10 aluminium alloy hybrid billet 31 is 
shoWn formed of 7000 series and 2000 series alloy. When 
machined this billet takes up the form shoWn in FIG. 11 With 
the advantages of the different alloy properties being readily 
apparent to the skilled reader When such a spar 32 extends 
betWeen upper and loWer Wing skin panels (not shoWn) 
positioned along edges 33, 34 respectively and themselves 
having different material properties With the upper skin 
typically being 7000 series aluminium alloy and the loWer 
skin typically being 2000 series aluminium alloy. 

[0084] In FIG. 12 part of a Wing spar 35 is shoWn friction 
stir butt Welded at 36 to an angled skin portion 37 Which is 
in turn friction stir butt Welded at 38 to a skin panel member 
39. Aseparate rib post 40 is fastened in position to members 
35 and 37. This example teaches hoW a construction accord 
ing to the invention Works to the designers advantage in 
designing a complex structural joint assembly. In this 
example the portion of spar 35 shoWn comprises 7000 series 
aluminium alloy, the angled portion 37 comprises 2000 
series aluminium alloy and the skin portion 39 comprises 
2000 series aluminium alloy. 

[0085] In FIG. 13 an extruded skin stiffener portion 41 is 
friction stir butt Welded at 42 to a 2000 series aluminium 
alloy loWer portion 43 of a Wing spar. This in turn is friction 
stir butt Welded at 44 to a 7000 series aluminium alloy upper 
portion 45 of -he spar. This arrangement gives various 
manufacturing advantages Without losing strength of the 
assembly. 

[0086] In FIG. 14 an extruded part stiffened skin member 
46 is friction stir butt Welded at 47 to a skin panel 48. Skin 
panel 48 is of 2000 series alloy and the member 46 com 
prises 7000 series alloy. A rib post 49 is fastened conven 
tionally to stiffening portion 50 of member 46. Sealant is 
applied at 51. 

[0087] In FIG. 16 a run-out area of a friction stir butt Weld 
52 is shoWn. The Weld 52 extends betWeen tWo panel 
members 53, 54. A cold Worked hole 55 has been drilled 
through the Weld for insertion of a bolt therethrough. An 
edge 56 of panels 53, 54 has been shot peened. The overall 
result of this arrangement is a friction stir butt Weld run-out 
of great safety, having residual stress removed With conse 
quentially improved fatigue life. 

[0088] FIG. 17 shoWs a similar arrangement having a 
splice strap 57 extending across the Weld 52. Again edges 56 
have been shot peened. 

[0089] In FIGS. 18 and 19 an arrangement similar to that 
shoWn in FIG. 17 includes panels 53, 54 being thickened at 
portion 58 further to increase the strength of the Weld at the 
run-out. In FIG. 19 height H of the panels 53, 54 is shoWn 
increased at the edge 56. In addition the splice strap 57 is 
shoWn tapered in form. 
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[0090] FIG. 20 shows an adjustable friction stir butt 
Welding tool 59 having an inner portion 60 and an outer 
portion 61. The tool is shoWn traversing betWeen tWo panels 
62, 63 Which are tapered in section. It Will be observed that 
the upright rotational axis of the tool 59 is tilted from the 
vertical to accommodate the taper in the panels. The inner 
portion 60 of the tool is retractable With respect to the outer 
portion 61. In this Way Weld depth can be varied to accom 
modate taper of the Workpiece panels. With this arrangement 
dynamic tool control of temperature, feed, rotational speed 
may be monitored and varied for optimum Weld joint 
properties. 
[0091] FIG. 21 shoW the tool 59 of FIG. 20 partly in 
section and shoWs hoW the inner portion 60 is threaded With 
respect to the outer portion 61. A seal 64 betWeen the inner 
and outer portion is shoWn to prevent ingress of Workpiece 
material. 

[0092] FIGS. 22 and 23 shoW a skin panel 65, an aperture 
66 cut therein and a circular plug 67 friction stir butt Welded 
into position at 68. The ?nished component as machined is 
shoWn in FIG. 23. Here a small amount of excess material 
has been machined aWay from a periphery of the plug 67 and 
a bore 150 has been formed in the plug. By these means a 
panel may be manufactured in the ?rst instance of much 
lesser thickness, avoiding the need to machine aWay large 
amounts of material from all save the small area 151 
surrounding the bore. It Will be appreciated that the plug 67, 
although circular in cross section in this example, may be of 
any required shape. 

[0093] In FIG. 24 according to the prior art a billet 69 of 
aluminium alloy material is shoWn from Which port and 
starboard Wing skin panel sections 70, 71 of FIGS. 26, 27 
may be machined. It Will be appreciated that the hatched part 
of the billet of FIG. 24 Will be Wasted in all cases. Using a 
method according to the invention hoWever, as shoWn in 
FIG. 25 and also in FIGS. 26 and 27, each panel 70, 71 may 
be made up from billets 72, 73, 74, 75 respectively Which are 
then friction stir butt Welded together at 76, 77. In this Way 
port and starboard Wing skin panels may be ef?ciently made 
and the Wasted hatched part of the billet of the prior art 
eliminated. 

[0094] In FIG. 28 is shoWn a tapered stiffener section 78 
having a friction stir butt Welded joint 79 centrally thereof. 
Tapered sections may be more efficiently produced in this 
Way. 

[0095] FIGS. 29A, B, C, D and E shoW alternative aircraft 
Wing spar con?gurations With friction stir butt Welds 80, 81 
at various locations thereof in order to optimise strength, 
manufacturing requirements as necessary. It Will be appre 
ciated that each portion of the spar may be of a different 
material to alloW for say better tension properties in a loWer 
portion and better compression qualities in an upper portion. 

[0096] In FIG. 30 is shoWn a Wing spar 82 having a 
friction stir butt Welded joint 83 vertically disposed thereon 
for additional strength. This alloWs the insertion of struc 
turally more optimum sections into highly loaded areas. 

[0097] FIG. 31 shoWs a Wing rib having a friction stir butt 
Weld 84 forming a joint betWeen an upper portion 85 and a 
loWer portion 86 thereof. This construction method obviates 
the need for machining from a solid billet and affords 
enormous material savings in comparison thereto. 
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[0098] FIG. 32 shoWs an alternative Wing rib design With 
a rib foot 87 manufactured from tWo parts 88, 89 friction stir 
butt Welded together at 90. An additional friction stir butt 
Weld 91 joins portion 89 With a Web portion 92. 

[0099] In FIG. 33 an aircraft Wing trailing edge rib is 
shoWn having friction stir butt Welds 93, 94, 95 to consid 
erably reduce manufacturing cost and material Wastage by 
avoiding the machining aWay of large amounts of scrap 
material from a solid billet. 

[0100] In FIGS. 34, 35 and 36 an aircraft Wing rib and 
method of manufacturing it are shoWn. In FIGS. 34 and 35 
a central billet 96 from Which Will be machined a stiffening 
Web 97 is shoWn ready for attachment, by friction stir butt 
Welding, of a series of outer billets 98, 99. In FIG. 35 the 
elements 96, 98, are shoWn placed in abutment to each other 
With a rotating probe 100 of a friction stir Welding tool 101 
in the process of partial penetration Welding them together 
to form a Weld 105. The elements 96 and 99 have already 
been Welded together With a partial depth friction stir Weld 
102. It Will be noted from FIGS. 35 and 36 that, although 
outer billets 98, 99 are of L-shaped cross section, rib feet 
103, 104 are of T-section. Also, although the Welds 102 and 
105, are formed as partial penetration Welds, once the billets 
96, 98, 99 have been machined to their Final shape shoWn 
in FIG. 36, the Welds 102, 105 have become full penetration 
Welds. At least tWo bene?ts ?oW from this method of 
manufacture. Firstly, the tooling (not shoWn) required for 
jigging the billets 98, 99 is greatly simpli?ed as compared to 
that Which Would be required for jigging parts of the T-shape 
of the rib feet 103, 104; the billets 98, 99 may be simply held 
doWn against the surface 106 of a bed 107 by clamps acting 
upon top surfaces 108, 109 of the billets 98, 99 respectively, 
similarly for billet 96. Secondly, the Welds 102, 105 may be 
stronger than otherWise oWing to the greater mass of metal 
of billets 98, 99 acting to conduct heat aWay faster from the 
Welds 102, 105 and reducing the heat affected Zone sur 
rounding the Welds 102, 105. It Will be appreciated that rib 
feet 103, 104 Would have had to be machined from billets of 
the shape of billets 98, 99 in any event. In addition dimen 
sional tolerancing of the rib feet 103, 104 may be made 
easier to achieve oWing to all machining being carried out on 
the rib in its ?nal assembled and Welded state. 

[0101] The L-shaped billets 98, 99 could alternatively be 
extrusions. In addition, adjoining billets 98 and 99 may be 
Welded to the billet 96 in separate sections or several or all 
billets 98 or 99 may be joined to each other prior to Welding 
to billet 96. As a further alternative the billets 98, 99 could 
each comprise a single shaped billet. This could be forged, 
machined from plate or extruded for example and formed to 
the desired curvature and friction stir butt Welded to the 
billet 96. A part reduction from 8 pieces to 2 Would result. 

[0102] It Will be appreciated that Where the use of 
extruded sections is alloWed by constructions of the inven 
tion enormous savings in material costs are possible With 
corresponding savings in assembly costs Where component 
count is reduced. The use of friction stir butt Welding in 
aircraft airframe structures enables the use of extruded 
sections, for example Wing skin-stiffener sections Where 
they have not been possible before, see in particular FIGS. 
2, 3, 4. 

[0103] Referring to the graph of FIG. 39, Max. Stress in 
MPa is plotted against a logarithmic scale of Number of 
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Cycles to Failure for ?ve cases. The three uppermost curves, 
marked “Naval Research Lab Data” and “MIL-HDBK Data” 
plot the aforesaid variables for aluminium alloy 2024-T3 
plain specimens. These curves shoW the longest fatigue life 
for given stress levels up to approximately 7-800,000 cycles, 
hoWever the curve for the machined FSW specimen crosses 
tWo of these plain specimen curves before the maximum 
measured number of cycles to failure of 10,000,000 to give 
results superior to them both. The teaching that can reliably 
be taken from this graph is that clearly the FSW specimen 
performs extremely Well in comparison to the plain speci 
mens and that this performance improves as maximum stress 
reduces. The curves for the “as manufactured” FSW Welded 
specimin and for the specimen With high load transfer joints 
With interference ?t fasteners perform markedly beloW those 
above. 

[0104] It Was observed With very considerable surprise 
therefore that the specimen With the machined FSW joint 
performed betWeen 75% and 100+% as Well as the tested 
plain specimens in this standard fatigue test, particularly as 
the unmachined FSW specimen had performed (as expected) 
less Well than the plain specimens. It should be noted 
hoWever that the performance of the unmachined FSW 
specimen closely matched that of the specimen With high 
load transfer joints With interference ?t fasteners and there 
fore surprisingly proved itself suitable for use in airframe 
structural components. 

[0105] Referring to FIG. 40, it has noW become clear Why 
the machined FSW specimen performed With such excel 
lence in the fatigue test recorded in FIG. 39. In FIG. 40, 
Which looks at residual Stress at different depths from the 
surface, the peak value of tensile/positive stress occurs in the 
longitudinal direction and registers approximately 300 MPa. 
It Will be seen that this ?gure sharply reduces to approxi 
mately 200 MPa by the depth of approximately 0.10 mm 
hoWever, and further again at a depth of approximately 0.25 
mm until it reaches its loWest level of aproximately 130 MPa 
at a depth of approximately 0.50 mm. From this depth there 
is apparently little to be gained from further machining of 
the surface and the residual stress remains in the region of 
140-150 MPa thereafter. 

[0106] From the foregoing it Will thus be clearly appreci 
ated that “as manufactured” or unmachined FSW is, sur 
prisingly, perfectly suitable for use in structural airframe 
components for aircraft, exhibiting comparable fatigue life 
to HLT joints With interference ?t fasteners, but offering the 
designer the major potential advantages of loWer Weight, 
reduced parts count and assembly time and large savings in 
machining time and material scrap. HoWever machined 
FSW offers even greater fatigue life, exhibiting for 2024 
aluminium alloy approximately 75% of the fatigue life of 
plain 2024 material. From Work on other aerospace alu 
minium alloys it is believed that the fatigue lives of these 
alloys too Will be similarly enhanced When FSW is used. 
This ?gure is much higher than is obtainable for HLT joints 
With interference ?t fasteners and therefore offers the 
designer enhanced design scope, both as discussed above 
and in tailoring billets to speci?c requirements by the use of 
FSW joints betWeen different alloy types, When this type of 
Welded structure is used. 

1. A method of forming a structural airframe component 
for an aircraft including placing at least tWo components in 
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abutting relationship With each other and joining them 
together by friction stir butt Welding. 

2. Amethod as in claim 1 in Which the structural airframe 
component comprises an aircraft Wing rib and the at least 
tWo components comprise a central Web element and a rib 
foot element and the method includes the steps of joining 
together the central Web element and the rib foot element by 
partial penetration friction stir butt Welding and subse 
quently machining aWay material from at least one of the 
central Web element and the rib foot element in the region of 
the abutment until the Weld becomes a full penetration Weld. 

3. A method as in claim 2 including the steps of providing 
a said rib foot element of L-shape cross section and carrying 
out the machining aWay of material at least from the rib foot 
element to form a rib foot of T-shape cross section. 

4. A method as in any preceding claim including the step 
of applying a Weld fatigue resistant feature to a run-out of 
the Weld. 

5. A method as in claim 4 in Which the fatigue resistant 
feature is a cold Worked hole having a fastener inserted 
therein. 

6. A method as in claim 4 or 5 in Which the fatigue 
resistant feature includes shot peening in the region of the 
Weld runout. 

7. A method as in claim 4 in Which the fatigue resistant 
feature is a splice strap fastened in position transverse to the 
direction of the Weld joint. 

8. Amethod as in any of claims 4 to 7 in Which the fatigue 
resistant feature includes a thickening of the material of the 
Welded component in the region of the Weld run-out. 

9. A method as in any preceding claim including the step 
of relieving residual stress in the Weld by machining off a 
surface of the Weld to a depth of at least substantially 0.10 
mm. 

10. A method as in any preceding claim applied to 
components having a varying thickness of material to be 
Welded together by inserting the said probe into the joint 
betWeen the tWo components to a depth dependent upon the 
material thickness at the position of probe entry and varying 
the depth of probe insertion according to the said material 
thickness as Welding progresses. 

11. Amethod as in claim 10 including varying at least one 
of the rate of feed of the probe along the joint and the 
rotational speed of the probe. 

12. A method as in any preceding claim in Which the 
structural airframe component for an aircraft comprises an 
extruded skin stiffener and the method includes the step of 
placing an extruded portion of the stiffener in abutting 
relationship With a Width-increasing region for the extruded 
portion and joining them together by friction stir butt 
Welding. 

13. Astructural airframe component for an aircraft includ 
ing at least one friction stir butt Welded joint. 

14. A structural airframe component as in claim 13 
Wherein, in the region of a said butt Welded joint the 
component is double curvature in form. 

15. A structural airframe component as in claim 13 or 14 
in Which a said Weld is of varying thickness along its length 
substantially to correspond to varying material thickness of 
the component. 

16. A structural airframe component as in claim 13, 14 or 
15 in Which the thickness of the component material varies 
across the Weld joint. 
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17. Astructural airframe component as in any of claims 13 
to 16 in Which at least one said Weld includes a Weld fatigue 
resistant feature at a runout of the Weld. 

18. Astructural airframe component as in any of claims 13 
to 17 in Which the component comprises at least tWo skin 
panels friction stir butt Welded together. 

19. A structural airframe component as in claim 18 in 
Which said at least tWo skin panels have a skin stiffener 
attached thereto along a length of a said Weld by skin 
engaging ?anges of the stiffener attached to the skin on 
either side of the Weld. 

20. Astructural airframe component as in any of claims 13 
to 19 in Which the at least one friction stir butt Welded joint 
joins at least tWo extruded integrally-stiffened Wing panel 
sections. 

21. Astructural airframe component as in any of claims 13 
to 20 including an aircraft skin panel having a shaped plug 
friction stir butt Welded into place therein. 

22. Astructural airframe component as in any of claims 13 
to 21 comprising an aircraft skin panel having at least one 
?rst part stiffener formed integral thereWith With a further 
part of the stiffener friction stir butt Welded to the ?rst part 
of the stiffener. 

23. Astructural airframe component as in any of claims 13 
to 17 comprising a hybrid billet in Which a billet of 7000 
series aluminium alloy is friction stir butt Welded to a billet 
of 2000 series aluminium alloy. 

24. A structural airframe component as in claim 23 in 
Which the billets are selected from forgings and extrusions. 

25. A structural airframe component as in claim 23 or 24 
comprising one of an aircraft Wing rib and spar machined 
from a said hybrid billet. 

26. A structural airframe component as in claim 25 in 
Which said one of an aircraft Wing rib and spar includes a 
said Weld substantially along a neutral axis thereof. 

27. A structural airframe component as in claim 25 or 26 
including at least one said Weld joining separate billets at or 
in the region of junctions betWeen a central Web and upper 
and loWer booms thereof. 

28. Astructural airframe component as in any of claims 13 
to 17 or 22 to 27 having one of an I-section and J-section 
cross sectional shape, of Web height tapering along the 
length of the component and having a friction stir butt 
Welded joint extending along the length of the tapered Web. 
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29. Astructural airframe component as in any of claims 13 
to 17 comprising an extruded aircraft skin stiffener including 
at least one extension region thereof extending the Width of 
the stiffener beyond an extruded Width, said at least one 
extension region being attached to the remainder of the 
stiffener by a friction stir butt Welded joint. 

30. A structural airframe component as in claim 29 
comprising a skin stringer in Which the at least one said 
extension region forms at least part of one of a rib groWout 
and a spade end and other root end pro?le region thereof. 

31. A structural airframe component as in claim 29 or 30 
comprising an I-section or a J -section cross sectional shape 
having upper and loWer booms separated by a central Web 
With the at least one extension region being friction stir butt 
Welded to both the upper and loWer booms on at least one 
side of the Web. 

32. Astructural airframe component as in any of claims 13 
to 17 in Which the said Weld joins a Wing skin panel and one 
of a spar and rib. 

33. A structural airframe component as in claim 32 in 
Which a part of the said one of a spar and rib forms part of 
an aerodynamic pro?le of the Wing. 

34. A structural airframe component as in claim 32 or 33 
in Which said one of a spar and rib is machined from a hybrid 
billet in Which a billet of 7000 series aluminium alloy is 
friction stir butt Welded to a billet of 2000 series aluminium 
alloy. 

35. A method as in claim 9 in Which the said depth is at 
least substantially 0.25 mm. 

36. A method as in claim 9 in Which the said depth is at 
least substantially 0.50 mm. 

37. A structural airframe component for an aircraft manu 
factured by placing at least tWo components in abutting 
relationship With each other and joining them together by 
friction stir butt Welding. 

38. An airframe for an aircraft including at least one 
structural airframe component according to any of claims 13 
to 34, or 37. 

39. An aircraft Wing including at least one structural 
airframe component according to any of claims 13 to 34, or 
37 . 


